By means of X-ray scattering and ultrasonic experiments, the structure of different melts of the Cd-Ga system was investigated. The structure factors S (q) obtained for the pure elements agree well with those reported by other authors. The concentration dependence of the structure factors shows no special features. From the structure factors, the total pair-distribution functions were calculated by a Fourier transformation. The nearest-neighbour distances, obtained from the total pair-distribution functions, amount to 3.04 Ä for pure Cd and 2.83 A for pure Ga and are nearly constant for all alloys. The concentration dependence of the experimental nearest-neighbour distances and coordination numbers was determined and is compared with statistical distribution and macroscopic segregation models. These comparisons tend to indicate a preference for like-atom neighbours. From the long-wavelength limit S(0) of the structure factors of Cd and Ga, the isothermal compressibilities were calculated. These show a satisfactory agreement with those calculated from adiabatic sound velocity data. The anomalous ultrasonic absorption of a single melt with nearly critical concentration indicates the existence of concentration fluctuations. This result is in agreement with those obtained by X-ray smallangle scattering experiments which are described in Part 2 of this work [1].
Introduction
In the molten state, the Cd-Ga system exhibits a closed miscibility gap (see Fig. 1 ) and the surrounding single phase region shows a strong short-range ordering. The liquidus line is rather flat. Therefore isothermal scattering experiments may be performed just above the liquidus temperature over almost the entire range of concentration. Thus, the influence of the temperature can be excluded during the discussion of the concentration dependence in the experimental results. Also, the critical temperature, Tz, which is relatively low compared to other metallic binaries, allows one to investigate a large region of the reduced temperature, (T -Tc) /Tc .
In the present paper high-angle X-ray scattering and ultrasonic velocity and absorption measurements have been used. Part 2 describes the small-angle X-ray scattering experiments [1].
X-Ray High-Angle Scattering

Theoretical fundamentals
X-ray scattering experiments were performed on different Cd-Ga melts with Mo-Ka-radiation. The intensity curves were corrected for polarization, absorption [2, 3] , and incoherent scattering. The normalization procedure was done according to [4] .
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The atomic form factors were taken from [5] and corrected for anomalous dispersion according to [6] . Thus the coherent scattered intensity, /coh(^)) was obtained, where the momentum transfer sin & q = 4 JI-J-,2 0 = scattering angle, and X = wavelength.
From /Coh(<7) the total structure factor S(q) was calculated using the following: The total pair-distribution function follows explicitly from a Fourier transformation of the structure factor and yields the total atomic distances and the total coordination numbers. To obtain the physically relevant partial quantities from the total quantities mentioned above, the total strucure factor has to be divided into the partial structure factors according to, for example, [7] .
hoh(q)
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In the long-wavelength limit, q = 0, the following equation holds for pure liquids:
The isothermal compressibility, x^, can be calculated from the adiabatic sound velocity by the relation
where uad = adiabatic sound velocity, Dn = macroscopic density, a = coefficient of volume expansion, cp = specific heat at constant pressure.
Experimental procedure
2.2.1. The Cd-Ga system Figure 1 shows the phase diagram of the Cd-Ga system established by means of a differential thermal analysis [8] . It exhibits a flat, closed miscibility gap in the liquid state over a concentration range of about 50 at %. The critical temperature of 295 °C is only 13° above the monotectic temperature of 282 °C.
In the solid state Cd and Ga are nearly insoluble. In Ref. [9] the isotherms of the thermodynamic activities of Cd and Ga in Cd-Ga melts were determined by a vapor pressure comparison method in a temperature region from 130 °C up to 300 °C above Tc. The activity isotherms show a strong positive deviation from Raoult's law, indicating a segregation tendency even in this temperature region. The integral and partial enthalpies, energies, and entropies of mixing calculated in Ref. [10] from these data are in good agreement with the values reported in [11] . The temperature dependency of the structure sensitive properties, such as viscosity and thermal as well as electrical conductivity, also confirms the segregation tendency in Cd-Ga melts [12, 13, 14] . The density and compressibility data required for the quantitative evaluation of the scattering experiments were obtained from Refs. [15, 16] . The density isotherm at 350 °C yields a small relative excess volume of less than 3% compared to ideal behaviour. 
Ga
Scattering apparatus
In part 1 and 2 of the present work, the atomic structure of Cd-Ga melts was determined. Because of the evidence for a segregation tendency in these melts, a small-angle scattering effect is to be expected as well as the usual high-angle scattering. Therefore the application of a scattering apparatus covering the entire angular range (0.05 Ä" 1 q ^ 7.5 Ä -1 )
was required. Figure 2 shows schematically the main features of this apparatus [17] . The sample sheets (20 X 6 X 0,035 mm 3 ) were then put into the opening of a tantalum frame (30x40 mm 2 ) with exactly the same thickness as the sample. The sample sheets w r ith the frame were then masked from both sides by thin, plane parallel mica sheets used as window material, and the whole "sandwich" was screwed in between polished copper frames of 1.5 mm thickness. Sapphire disks were also used as window material.
Performance of experiments
The high-angle scattering experiments were performed with the pure elements Cd and Ga and seven alloys of the Cd-Ga system. The alloys and pure Ga were studied at 296 °C, i. e., about 1° above the critical temperature. Pure Cd was studied at 325 °C. The pure elements and some alloys were additionally investigated at other temperatures to determine an eventual temperature dependence of quantities such as main peak position and height of the structure factor or coordination number. The temperature measurement and control was carried out by a NiCr-Ni-thermocouple and a high precision PIDcontroller with extreme long-period stability. An ice-water mixture was used as the reference temperature. The temperature gradient in the sample was determined to be less than ± 0.15 °C at 300 °C.
The absolute temperature calibration was done by using the melting and solidification temperatures of different metals.
Before starting the measurement, the molten Cd-Ga specimens were annealed several hours at a temperature of 50 °C above the critical temperature though no significant changes of the scattered intensity were detected during this annealing procedure.
Thus homogeneous mixing was assured. Thermal equilibrium was achieved during a few minutes. Since Cd exhibits an extremely large absorption cross section for thermal neutrons, no neutron scattering results have been reported until now. X-ray data are given in [18, 19, 20] . The position of the three main maxima in S(q) as well as the height of the first maximum as reported in [19, 20] , are in good agreement with the present values. Good agreement with the literature values is also found for the structure factors measured at 360 °C and 440 °C. The shape of the structure factor curve of Cd is substantially identical to the shape expected for monatomic metallic melts and shows only a slight temperature dependence.
Molten Ga has been investigated by means of X-ray and neutron diffraction within the temperature range from -110°C up to 1000 °C [19, 21, 22, 23] . In Fig. 4 the structure factors obtained during the present work at 30 °C and 296 °C are compared. At higher temperatures the pronounced shoulder at <7~3.1 Ä -1 apparently tends to vanish. The position of the first maximum remains nearly unchanged whereas its height is drastically reduced from 2.50 to 1.95 at 296 °C and finally reaches 1.80 at 600 °C. The shoulder mentioned above can be explained by assuming a special arrangement of Ga-atoms in addition to the "free" Ga-atoms which are considered to behave like hard spheres. The structure of this special arrangement is discussed in different ways [22, 23, 24] and is, at present, not yet fully understood. In any case, at temperatures above 300 °C the Ga-melt consists merely of "free" atoms.
The structure factors of the pure liquid elements Cd and Ga are low for small momentum transfers, i. e. small q, and can easily be extrapolated to q = 0. compressibilities, , were calculated according to Equation (2) . The data are compiled in Table 1 . These compressibility values are between 5% and 17% larger than those values calculated from Eq.
(3) using adiabatic sound velocity data from [25] .
Since the intensity of the small-angle scattering by the liquid elements shows no rise as q->-0, the statistical error of the structure factors amounts to about 10%. The reason for this error is that in the cases of non-increasing intensity as q -> 0, the scattering due to the container has the same order of magnitude as the scattering due to the melt. Thus, the variation of the compressibility data is not unreasonable. This is not true for the alloys treated in From Fig. 5 it is extracted that the distance between nearest-neighbours amounts to between r 1 = 3.04 Ä for pure Cd and r I = 2.83Ä for pure Ga. This nearest-neighbour distance is nearly constant for all alloys and varies only as 2.95 Ä^rt x^3 .0Ä. The accuracy for the revalues for different integration lengths amounts to ± 0.02 Ä. Pure Ga at 296 °C exhibits a small subsidiary maximum at r ~ 4Ä which also appears in the pair-distribution function of Ga at 30 °C. In Ref. [26] a similar maximum was found for liquid antimony to which covalent bindings are attributed. The subsidiary maximum in the pair-distribution function of liquid Ga and the shoulder in the structure factor both vanish upon alloying with more than 20 at% in the melt.
The experimental coordination numbers, Nt, were calculated from the area under the first maximum of the atomic distribution curve, Ax(r) = 4 n r 2 o0 gt{r). In the case of the alloys, however, the Nt* are weighted by the scattering power of the elements. Nevertheless, results about the structural features of the melts of a system can be deduced from the concentration dependence of rt* and Nt l . Doing this, the cases of compound formation and segregation have to be distinguished as follows.
If compound formation in the melt occurs, a reduction of the true radii and coordination numbers is expected. Macroscopically one often observes a large decrease of the molar volume. This reduction of the true, unweighted quantities also influences the experimentally measured, weighted quantities, such as rt ! and N*. In the case of segregation, for metallic melts with nearly the same coordination number of the pure components, the variation with concentration of the true radii and coordination numbers corresponds substantially to that expected for random distribution of the atoms. Nevertheless, some evidence about the structural features of those melts can be obtained by comparing the experimental r* and Nt l with those values obtained from the models of random or statistical distribution and macroscopic segregation, respectively. These quantities rlt and Njt or Tgegr and AfJegr are also weighted by the scattering powers of the elements. Thus, the following equations are obtained [27] :
Moreover, the Fourier transform of a high-angle scattering curve, gt(r), from a binary melt describes the spatial environment of a Active "mean" atom with regards to distances and number of nearestneighbours. In the case of Cd-Ga melts, those quantities are only slightly influenced by the chemical short-range order such as preferred like neighbours or the statistical random distribution of the atoms. Direct indication for the concentration fluctuations existing in Cd-Ga melts can only be obtained by the small-angle scattering experiments described in Ref.
[1], or by the ultrasonic velocity and absorption measurements described in the following chapter.
Ultrasonic Measurements
The ultrasonic velocity and absorption studies were performed for only one melt of the Cd-Ga system. An almost critical composition melt, i. e. 55 at% Ga, was used in a procedure described in [28] . The ultrasonic velocity was measured to check the values given in [16] . These data were used previously to calcule the isothermal compressibility which is required for the analysis of the small-angle scattering experiments described in [1].
With the same experimental equipment as used in [28] , a frequency dependent ultrasonic absorption study was made. According to the Fixman-theory [29] , an anomalous behaviour of the absorption in the critical region could be expected.
Classical ultrasonic absorption in liquids is due to energy losses by heat conduction and viscosity.
In liquid metals, losses by heat conduction exceed by far the other contributions. Classical absorption is proportional to the square of the frequency of the sound wave. An anomalous behaviour in the absorption in the critical region can be understood in the following way according to [29] : the adia- hours. During this time, the melt was rapidly stirred.
For the X-ray scattering experiments it was determined that thermal equilibrium within the melts was achieved within minutes. The different behaviour can be explained by noting that the samples for the X-ray experiments had already been "homogenized"
by rapid quenching from a homogeneous liquid phase. Also, the volume of the sample for the ultrasonic experiments was about 10 4 times larger than that of the samples for the X-ray experiments. cates structural changes in the melt which, in the present case, may be related to the decrease of the concentration fluctuations in the melt. This outcome is in accordance with the results of the X-ray smallangle scattering experiments presented in [1] . Also, the ultrasonic velocity exhibits no dispersion.
If the ratio a// 2 is plotted as a function of temperature T, the ultrasonic absorption distinctly increases upon approaching the critical temperature in the homogeneous melt. This rise is more distinct for lower frequencies in qualitative agreement with the theoretical predictions. This anomalous, critical absorption which cannot be explained by the classical predictions confirms the existence of concentration fluctuations.
A quantitative analysis of the absorption measurements requires experimental results over the entire concentration range. Thus, comparisons with the results of the critical X-ray scattering measurements could be made. But, to date, no such comparison has been reported in the literature concerning metallic systems.
In the present work, the measurements of the ultrasonic velocity confirmed the normal behaviour of the adiabatic compressibility in the homogeneous phase near the critical point. However, the anomalous ultrasonic absorption gave strong indications for the existence of concentration fluctuations in the homogeneous melts of the Cd-Ga system.
